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INDUCTIVELY STABILIZED EXCIMFR LASERS
Robert C. Sze
Los Alamos Nationnl Laboralory
P. O. Box 1663
Los Alamos, New Mexico 87545

Iatroduction

Rare-gas halide avalanche discharges, including some form of preionization of the dis-
charge volume, are known to have a limited stable discharge time. The end of the stable
discharge time is characterized by streamer arcs propagating across the electrodes. This
time is dependent on the electrode separation, the constituents and pressure of the gas
mixture, as well as the electrical excitation characteristics. Thus, in the more conven-
tional commercial lasers the laser outputs are short pulsed (15-30 ns) and discharge tech-
niques are developed to depnsit most of the stored electrical energy within the stable dis-
charge time of the device. Lin and Levatter [1] have investigated the regimes 1in which
streamer arc formation can be avoided. Such lasers require very uniform preionization with
extremely fast voltage risetimes. The additional incorporation of an electrical prepulse
?as resrlfed in very high-efficiency, high-energy large volume discharge rare-gas halide

asers [2]).

This paper presents another approach to solving the problem of discharge stability. The
development of a segmented electrode structure with each element ballasted by an inductor
has resulted in very stable discharges and long pulse length laser cutputs. The passive
stabilization of the rare-gas halide discharges is attributed mainly to the increase in
volcage drop across the inductcr of a particular segment of the electrode as the discharge
in that region begins to g¢o unstable. The advantage of the technique is that the very fast
voltage risetime requirement is no lcnger essential, and the use of conventional thyratron
switches without subsequant pulse sharpening circuits is now possible. Presently only small
laser devices have been constructed. The 20-cm active length lasers have produced laser
pulse lengths greater than 200 ns with efficiencies as high as 1%. Since the intracavity
powers for the long-pulsed, short gain lenyth devices are in the region of 200 kW, an order
of magnitude below the saturation powers of rare-gas halide lasers, much improved extraction
efficlencies are anticipated for longer gain length devices. The small long pulse lasers
find applications in injection-locking large energy short pulsed lasers in the regenerative
amplifier mode witout worry of jitter between the two devices. XeCl, XeF, KrF short pulse
-asers have all been injection-locked in this manner giving high energy outputs with beam
quality arprcximately three times diffraction limited. 1In addition simple prism tuning has
resulted in 0.6-1 wavenumber linewidths throughout the XeCl bandwidth and appears to give an
improvement of 50 over ghort pulse lasers for an equivalent tuning chain.

Embodiment of Concept

The pulse power of the inductively stabilized laser uses discrete doorknob capacitors and
a grounded grid thyratron. Figure 1 gives a schematic of the circuit. The loop inductance
connecting the main charging capacitance is relatively large as very fast voltage risetimes
should no longer be nhecessary. Because preionization is accomplished via a corona discharge
relatively fast voltage ricetimes are still desirable. Since the preionization is weak and
only in existance during the rise of the voltage pulse before gas breakdown, it is necessary
to bring the current up relatively fast so that the preionization electrons are usable in
establigshing the initial uniform discharge.

An example of the segmented cliectrode gtructures is show: in Fig. 2 There are 87 seg-
ments to the slectrurle. Each segment is ballasted with a 0.15 pH induclor. The total elec-
trode length is 28 cm with a total active discharge length of 20 cm. Using all five rows of
the storage capacitors, the peaking capacitor value is one tenth the storage capacitor value.
The peaking capacicor vaZue is nominally 3 nF. The peaking capacitors and the head induc-
tance, plus the stabilizing inductances, establish an approximate tank circuit that rings
the voltaqe and current through the discharge. If the Q of this 28-MHz circuit is high,
there will be an additioral stabilizing influence to this discharge circuit. However, as
will be seen this is noct the case and the stabilization of the discharge is mainly accom-
plished through the influence of the voltage drop across the inductors described earlier.

Parameter Studies

Demonstirction of Stabilizatjon. Long pulse lasing is demonstrated in XeCl, XeF, and KrF.
Two lasers were constructed Raving the saie length and pulse power circuit. The only dif-
ference is that one has & 0.25 cm x 0.4 om (electrode separation x discharge width) and the
second har a 1 cm x 1 cm (electrode separation x dischirge width). The umaller dischaige
volume device allowed energy deposition greater than 300 J per liter atmosphere without




arcing. The lasing widths in XeCl are compared for the two devices as well as with the
lasing pulse width of an earlier miniature laser [3) with unstabilized electrodes and an
electrode separation of 0.4 cm. Figure 3 shows 2~ gain in pulse length greater than a factor
of 20 over the unstabilized laser. The pulse length and the magnitude uf the laser power
versus time is dependent on the concentratirn of the haloyen donor and the conceutration of
the heavier rare gas. Studies of XeCl [4] and KrF [5) were preseited previously. We give
the parametric behavior in XeF in Fig. 4. The decrease in pulse length with increasing
concentrations of fluorine or xenon iz attributed to the increasing dynamic resistance of
the discharge which, in turn, allows a better match to the impedence of the ringing tank
circuit. The result is that more energy is deposited in the earlier phase of the pulse
resulting in higher peak power at the beginning of the laser pulse and also shorter laser
pulsewidths.

Identification of the Saturation ¢f Energy Deposition. Figure 5 gives the normalized
output energy per pulse of XeF, XeCl, and KrF as a function of the stcred enerqgy in the main
charging capacitors. The main charging capacitors were set up in five rows of twelve 0.5-nF
doorknob capacitors each. It is seen from the schematic of Fig. 1 thiat when only one row or
all five rows of capacitors ure used the inductance of the prima:y charging current loop is
changed very little. For the 0.25-cm x 0.4-cm discharge area laser, 70 to 80% of the output
energy is obtained with only one row of the charging capacitors even though using all five
rows of capacitors, arc free energy depcsition over 300 J per liter atmosphere were achieved.
The observed saturation of the output energy coupled with the observed saturation in the
laser pulse length is disappointing, but at the same time allows a unique opportunity to
measure the saturation of energy deposition in rare-gas halide avalanche discharge lasers.
Indeed, this saturation of deposited energy is judged to be a "universal' quantity independ-
ent of the time scale of the energy deposition. The consequence of such a statement sug-
gests that one must live with high peak power, short ,ulse lasers or lowered peak power,
longer pulse lasers for a given active discharge length, but not both.

Energy Deposition Studies

"Universal" Optimum Energy Deposition Hypothesis. The analysis of the dynamics of tinhe
energy deposition requires accurate measurements of voltage and current as a function of
time. This ‘s accomplished by incorporating a current probe in the form of a 1/4-inch thick
carbon block placed at the bottom electrode as indicated in the schematic given in Fig. 6.
Great care is required to place the coaxial probe exactly in the middle of the carbon block
to eliminate noise derived from current induced fields. D.C. measurements of the block
resistance is not valid as the measured values are dominated by contaci resistances which
are not present for fast currents. The calibratioa of this probe is accomplished by first
removing the peaking capacitors. The graphite current probe should now see the game cur-
rent and waveform as the commeicial current viewing resistor situated beneath the thyratron
as indicated in Fig. 6. Data of energy depo:sition for one row to five rews of charging
capacitors are given in Fig. 7. Voltage, curreut, power and absolute value of the power are
given. The area under the curve of absolute power ie the total energy deposited in the
first 200 ns of the discharge. Tht second 700 ns contribute little to the total energy
deposition. The deposition of elecirical pow:r into the discharge is seen o be in packets
and is in agreement with the lasipny output shown in Fig. 3. This study is done in the
0.25-cm x 0.4-cm area laser. The snall volure o this discharge (1 cc) means very large
erergy depositions per liter-atmosphare. The resuit is that although the power deposition
is substantial for uver 200 ns, the lasing pulse width .s substantially ghorter. Figure 8
plots the normalized output lasing energy as a function of the energy density deposited an
the first 200 ns of the discharge. Cbs.rve that over 300 J per )liter-atmosphere of electri-
cal energy have been successtully deposited into the discharge w.thout arcing. However, due
to the observed saturation uf the »utput energy this is really not desirable. We measure a
saturation energy of 40 J per liter-atmosphare as the optimum deposition energy for highest
efficiency. We believe this to he 2 "universal" number appropriate for XeCl lasers regard-
less of the time scale of energy deposition.

Test of Hypothesis. 1f the hypothesis is correct we shculd increase the discharge volume
of the above laser by a factor of 10 so that the deposition energy density will be in the
30 J per liter-atmosphere regime for the cane of five rows of charging capaciiors. An exact
duplicate of the first laser was built and the only chunge is that the discharge area was
enlarged to 1 cm x 1 cm. Indeed, the observed laser output increased by nearly a factor of
10 to 30 mJ per pulse and the pulee length increased to over 200 ns ag shown in Fig. 3.

Measured Electrical Parameters. Figire 7 shows that the discharge lhead-peaking capaci-

tance section of the circuit sets up a L-C-R tank circuit which rings at a measured period
of 36 ns or at a frequency of 26 MH:. Using the eguation

fo = 1/2nJIT (1)



and a capacitance of C = 3 nF an inductance value of 11 nH is obtained. This is a factor cf
five larger than the inductance of the stabilizing inductance array which is 0.15 pH (per
segment )/87 (segments) = 1.72 nH. Thus, the inductance of the peaking capacitors-discharge
head loop is dominated by the head inductance. The resistance R is believed to be dominated
by the discharge. The measured impedence is given for the case of five rows of charring
capacitors in Fig. 9. The measured impedence for the other storage capacitarce values be-
have similarly. The impedence is seen to oscillate as the voltage crosses zero. The peak
value is measured at 0.4 to 0.5 @ and is the discharge resistance. This value is in very
good agreement with kinetic code calculations for the dimensions and pressures of the
device. If the Q of this tank circuit is high, an added stabilization factor may be playing
an important role in these long pulsed excimer laser devices. Using the equation

Q= woL/R (2)

the quality factor for this tank circuit is only Q = 4 and should not contribute sig-
nificantly to the stability of the discharge. Thus, the long pulsed cperation of the
laser devices described here is primarily due to the stabilization resulting from the
individually inductively ballasted electrode segments. The explanation is that as a par-
ticular segment begins to streamer arc, the rapid increase in current causes a voltage
drop across the inductor and result in a Jrop in voltage across the discharge gap region.
This decrease in voltage across the discharge gap gquenches the streamer arc formation.
The ringing period of storage capacitance-switch-discharge head lcop is over 400 ns. With
five roles of capacitors (30 nF) the loop inductance is measured to be 135 nH. As we have
stated very little care was taken to lower this inductance. Indeed, this inductance was
made quite high to ease the current risetimes in the thyratron switches. It was important
to show that under these ccnditions the stabilization technique can work very effectively
delivering long pulsed stable discharge operation in rare gas halide laser mixtures.

.}
Conclusion

~——“1ﬁ;:~technique of inductive stabilization of rare-gas halide discharges have been shown
to yield long pulse laser outputs. The 1% efficiency obtained for the miniature short
pulsed devices are believed to be very good. Length scaling to improve the gain per round
trip of the laser cavity should improve the peak power in the cavity and greatly improve
the extraction efficiency. This work 1s presently in progress. The measurement of a
saturation energy for electrica' energy depositior gives an important design criteria for
high efficiency lasers. This number is believed to be valid regardless of the time scale
of the energy deposition.
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INDUCTIVELY STABILIZED EXCIMER LASERS
Robert C. Sze
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Los Alamos, New Mexico 87545
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arcing. The lasing widths in XeCl are compared for the two devices as well as witl
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of 20 over the unstabilized laser. The pulse length and the magnitude of the laser |
versus time is dependent on the concentraticn of the halogen donor and the conceatrati
the heavier rare gas. Studies of XeCl [4] and KrF [5] were preseited previously. We
the parametric behavior in XeF in Fig. 4. The decrease in pulse langth with incre
concentrations of fluorine or xenon is attributed to the increasing dynamic resistan(
the discharge which, in turn, allows & better match to the impedence of the ringing
circuit. The result is that more energy is deposited in the eurlier phase of the |
re:ultigghin higher peak power at the beginning of the laser pulse and also shorter
pulsew 8.

Identification of the Saturation of Energy Deposition. Figure 5 gives the norma
output energy per pulse of XeF, XeCl, and Rr¥ as a function of the stored energy in the
charging capacitors. The main charging capacitors were set up in five rows of twelve 0
doorknob capacitors each. It is seen from the schematic of Fig. 1 tliat when only one 1
all five rows of capacitors are used the inductance of the »rima:y charging current lo
changed very little. For the 0.25-cm x 0.4-cm discharge area lassr, 70 to 80X of the o
energy is cbtained wvith only one row of the charging capacitors even though using all
rows of capacitora, arc free energy depcsition over 300 J per liter atmosphere were ach
The observed saturation of the output energy cuupled with the observed saturation i1
laser pulse length is disappointing, but at the same time allows a unique ogportunr
measure the saturation of energy deposition in rare-gas halide avalanche discharge la
Indeed, this saturation of deposited energy is judged to be a "universal" quantity inde
ent of the time scale of the energy deposition. The consequence of such a statement

ests that one must live with high peak power, short ,ulse lasers or lowered psakX p
onger pulse lasgers for a given active discharge length, but not both.

Energy Deposition Studies

"Universal" Optimum Energy Deposition othesis. The analysis of the dynamics of
energy deposition requires accurate measuremente of voltage and current as a functic
time. This ‘s accomplished by incorgorntinq a current probe in the form of a 1/4-inch
carbon block placed at the bottcm electrode as indicated in the schematic given in Fi
Great care is required to place the coaxial probe exactly in the middle of the carbon |
to eliminate noise derived from current induced fields. D.C. measurements of the |
resistance is not valid as the measured values aro dominated by contaci resistances
are not present for fast currents. The calibration of this probe is accomplished by
removing the peaking capacitors. The graphite current probe should now see the same
rent and waveform as the commexcial current viewing resistor situated beneath the thy:,
as indicated in Fig. 6. Data of aenergy deposition for one row to five rews of cha
capacitors are given in Fig. 7. vVoltage, current, power and absolute value of the powe:
given, The area under the curve of absolute power is the total energy deposited ir
first 200 ns of the discharge. Thv second 200 ns contribute little to the total e
deposition. The deposition of elecirical powsr into the dilahnrg, is seen <0 be in pa
and is in agreement with the lasing output shewn in Fig. 3. his study is done ir
0.25=cm x 0.4-cm area laser. The siall volure of this discharge (1 c¢cc) means very .
ener depositions per liter-atmosphare. The cesult is that although the power depos:
is substantial for uver 200 ns, the lasing pulse width is substantially shorter. Fim
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cal energy have been successtully deposited into the discharge w.thout arcing. However,
to the observed saturation of the sutput enurgy this is really not dusirable. We measi
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Test of ngoghonﬁ;. 1f the hypothesir is correct we shculd increase the discharge wv¢
of the ove laser a factor of 10 so that the deporition energy density will be ir
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duplicate of the first laser was built and the only chunge is that the discharge ared
enlarged to 1 cm x 1 cm. 1Indeed, the observed laser output increased by nearly a factc
10 to 30 »J per pulse and the pulse length increased to over 200 ns as shown in Fi¢
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£, " 1/2nJL8 (1)



e of C = 3 nF an inductance value of 11 nH is obtained. This is a factor cf
n the inductance of the stabilizing inductance array which is 0.15 pH (per
ments) = 1.72 nH. Thus, the inductance of the peaking capacitors-dischargs
iinated by the head inductance. The resistance R is believed to be dominated
e. The measured impedence is given for the case of five rows of charring
ig. 9. The measured impedence for the other storage capacitarce values be-

The impedence is seen to oscillate as the voltage crosses zero. The peak
ed at 0.4 to 0.5 0 and is the discharge resistance. This vilue is in very
with kinetic code calculations for the dimensions and piressures of the
Q of this tank circuit is high, an added stabilization factor may be playing
e in these long pulsed excimer laser devices. Using the equation

Q= w,L/R (2)

:tor for this tank circuit is only Q = 4 and should not contribute sig-
the stability of the discharge. Thus, the long pulsed cperation of the
jescribed here 1s primarily due to the stabilization resulting from the
ijuctively ballasted electrode segments. The explanation 1s that as a par-
begins to streamer arc, th2 rapid increase 1in current causes a voltage
inductor and result in a Jrop in voltage across the discharge gap region.
n voltage across the dischurge gap quenches the streamer arc formation.
10d of storage capacitance-switch-discicrge head 1l:-oop 1s over 400 ns. With
apacitors {30 nF) the loop inductance 1s measured to be 135 nH. As we have
tle care was taken to lower this inductance. Indeed, this i1nductance was
to ease the cu-rent risetimes in the thyratron switches. It was important
:der these ccnditions the stabilization technique can work very effectively
pulsed stable discha-ge opsration in rare gas halide laser mixtures.

» of inductive stabilization of rare-gas halide discharges have been shown
pulse laser outputs. The 1% efficiency obtained for the miniature short
ire believed to be very good. Length scaling to improve the gain per round
.er cavity should improve the peak gower in the cavity and groatly improve
efficamncy. This work 1s presently in progress. The measurement of a
jy for electraca’ oncrqy depositior gives an important design criteria tor
lagsers. This number is believed to be valid regardless of the time scale
jposition.

‘knowledge the expert technical assistance given by Emma Seegmiiler. This
‘d under the auspices of the Department of Energy.

<. Levatter, Appl. Phys. Lett. 34, 505 (1979): J. Levatter and s. Lin. J.
51, 210 (1980).

M. J. Plummer. and E. A. Stappaerts. Appl. Phys. Lett. 43. 735-7 (1983).
d E. Seegmiller, IEEE J. Quant. Elec. QE-17, B1-91 (1981).

Proceedings of the Intl' Conference on Lasers '82. 360-4, R. C. Powell.
s8 (1982).

Excimer Lasers-1983 (OSA, Lake Tahoe., Nevada), AIP Confarence Proceedings
79. EJ. C. K. Rhodes, H. Egger. and H. Pummer (1983).



o ®» T v

Figure 1. Schematic diagram of inductively

atabilized laser. (1) segmented cathodes,

(2) corona preionizer, (3) nickel screen

arode, (4) thyratron, (5) storage capacitor

bank, (6) stabilizing inductors, (7) peak- Figure 2. Photograph of 4-mm-wide segmented
ing capacitors, (8) charging ainductors. electrode structure.
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Figure 3. Lasing temporal waveform for Figure 4. (a) XeF lasing as a fiunction of
(&) unstabilized 4-mm gap separation =x variations in Xe partial pressure, (b; and
2-mm=wide laser. (b) stabilized 2.5-mm fup Fa partial pressure.
szparation * 4-mm-wide laser. (c) stabi-

lized 10-mm gar separation - 10-mm~wide
laser.
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Figure 6. Schematic diagram of experiment
to measure energy deposition in the induc-
tively stabilized excimer lasers.

(c)

igure 7. (a) Voltags, (b) current, (c) power, and (d) absolute value of power

(d)
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Figure 8. Pliot of output energy as a function of energy
density deposited in the first 200 ns of the discharge.
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